Polystyrene (PS) submicron fibers of 14 wt% concentration were fabricated by electrospinning using dimethylformamide (DMF)-tetrahydrofuran (THF) solvent system. The surface morphology of PS fibers was modified from smooth to rough by changing the mixing ratio of DMF and THF in the spinning solution. The electrospun PS fibers with smooth and rough surfaces were then amidomethylated by treating with N-hydroxymethyl-2-chloroacetamide. PS fibers with higher roughness incorporated more amidomethyl functional groups on their surface, as confirmed by XPS analysis. This observation was further supported by BET adsorption isotherm results which showed a significant increase in specific surface area of rough PS electrospun fibers. Interestingly, amidomethylation has altered rough electrospun PS submicron fibers from extremely hydrophobic to hydrophilic. These chemically modified electrospun PS fibers with controllable surface roughness and wettability may be utilized as a carrier for proteins, mainly enzymes and antibodies, by covalent linkage through amino groups attached to their surface.
Introduction
Polystyrene (PS) is one of the widely used polymers for numerous applications in the form of microspheres, thin lms and bers due to its excellent mechanical properties and low cost. Conversely, it also shows properties like hydrophobicity and low chemical resistance which restrict its use. Many surface modication studies such as UV and ozone treatments, 1 plasma treatments, 2,3 ion beam sputtering, 4 chemical substitution reactions 5, 6 and even blending with hydrophilic polymers 7, 8 have been reported in order to enhance its biocompatibility, wettability and surface adhesion by biomolecules. Among the various surface modication methods, the chemical substitution reaction is an easy as well as cost effective method. Due to the presence of a long carbon chain with pendant benzene rings, PS can be easily substituted by Friedel Cras aromatic substitution reactions at the ortho-and parapositions with carboxyl and amine groups. One such chemical modication done on polystyrene was amidomethylation which enhances both the covalent and ionic attachment of biomolecules on the polystyrene surfaces. Amidomethylation can be considered as an electrophilic substitution reaction and has been done by Teramoto 9 for modifying the surfaces of PS Petri dishes without losing their transparency. Also the same group has investigated the reaction with substituted PS like polymethylstyrene, poly(4-tertbutylstyrene) etc. 10 Yamamoto et al. 11 have studied the functionalization of PS based micron sized fabric immobilized with an antibody for burn wound dressings. When the ber diameter is reduced to submicron and nanoscale and its surface is modied so as to enhance the surface area, the application can be much more meaningful. In one such attempt, Jia et al. 12 used PS nanobers for the immobilization of chymotrypsin.
Although there are a number of methods for the production of nanobers such as drawing, phase separation, template synthesis and self-assembly, electrospinning has become the most extensively used method for the fabrication of nanobers. 13 This is due to its notable advantages such as continuity in the formation of bers, easiness to scale up the process and simple and robust method of fabrication. The process of electrospinning involves the formation of nanobers from a viscous solution under the application of high voltage which is usually in the order of kilovolts. [14] [15] [16] [17] [18] The applied voltage charges the viscous solution and overcomes its surface tension, resulting in the formation of a Taylor cone, which ultimately initiates the spinning jet. In the second stage, the Taylor cone further stretches due to the applied eld and inter-particle repulsion enabling the jet to elongate. The stretching of the Taylor cone is proceeded by instabilities in the air such as bending and whipping motions which ultimately result in evaporation of solvent from the polymer jet. The polymer in the spinning jet is then collected on the target electrode as nanobers. 16, 17 Another reason to choose electrospinning as a method to produce nanobers is the ability of electrospun nanobers to add surface micro structural features (surface pores, roughness, hollow and core-shell structure) directly during the formation process. Few studies have been reported recently to produce porous electrospun nanobers by combining electrospinning with phase separation at the ber surface. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The driving force for the phase separation to take place may be either temperature, presence of non-solvent, relative humidity or relative volatility of solvent systems. Preparation of porous polyacrylonitrile (PAN) bers from solvent mixture of dimethylformamide (DMF)-water was reported by Yu et al.
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whereas Huang et al. 20 fabricated PAN and polysulfone nanobers with surface features by simply varying the humidity in the spinning environment. In the case of PS, a few researchers have already reported functional surface morphologies such as surface pores and wrinkled structures and also investigated the effect of molecular weight on the surface morphology of electrospun PS bers. 23 In recent studies, several researchers 21, 22, 26 reported the electrospinning of porous PS polystyrene nanobers using solvent mixtures of DMF and tetrahydrofuran (THF). Use of a solvent mixture with differences in relative volatility leads to phase separation and hence facilitates the pore formation. In another study, Karthik et al. 27 have shown the formation of surface pores on electrospun nanobers while collecting the bers directly in a nonsolvent bath. Further, Demir et al. 28 have investigated the formations of three different types of pores on the electrospun PS bers by varying the weight fraction of polymer at constant relative humidity. Whereas, Pai et al. 29 studied wrinkled PS ber formation by varying the humidity of the environment.
In this study, we used a xed 14 wt% PS solution in DMF-THF solvent system to electrospin long, continuous and uniform PS submicron sized bers. We tuned the surface roughness and internal porosity by varying the mixing ratios of DMF and THF solvents in the PS electrospinning solution. Further we carried out amidomethylation functionalization by incorporating N-hydroxymethyl-2-chloroacetamide (NMCA) on as-spun PS bers with least and highest roughness. As mentioned previously, amidomethylation is one of the preferred ways to enhance the attachment of biomolecules to a PS surface. Thus the main aim of this work is to study the effect of amidomethylation reaction on electrospun PS submicron bers that have enhanced surface area due to their rough and porous morphology. Fourier Transform Infrared Spectroscopy (FTIR), Brunauer-Emmett-Teller (BET) surface area and X-ray Photoelectron Spectroscopy (XPS) analyses were used to assist this analysis. Later we also studied the wettability characteristics of surface functionalized (amidomethylated) PS fabric with least and highest surface roughness. PS submicron bers with hydrophilic nature may be utilised as a carrier for proteins, mainly enzymes and antibodies, and thus for various bio-medical applications such as selective removal of ligands, separation columns and even in antibacterial wound dressings.
Experimental section

Materials
PS with molecular weight (M w ) 350 000 g mol À1 and NMCA (99% pure) were purchased from Sigma Aldrich. DMF (99% purity) and THF (99% purity) were purchased from Merck India, whereas nitrobenzene, sulphuric acid and methanol were purchased from Fischer Scientic, India. All the chemicals were used without any modication.
Electrospinning of PS submicron sized bers
A large number of solution parameters affect the ability of a polymer to electrospin into continuous nano-sized bers. This includes the dielectric constant and solubility parameter of the solvents and therefore, the conductivity and viscosity of the polymer solutions used in electrospinning. Fig. 1 . The electrospinning set up was purchased from E-spin Nanotech Pvt. Ltd (India). The size of the needle, applied voltage and the distance between the needle and the collector (Al foil) were some of the process parameters that were optimized in this study to obtain long, continuous and uniform bers. These parameters were as follows: 23 gauge syringe needle, 18 kV applied voltage and 8 cm. All the experiments were conducted at a temperature of 30 C and 27% relative humidity.
Surface modication of PS submicron bers by amidomethylation reaction
The electrospun PS bers with highest surface roughness and porosity were compared with the smooth morphological bers with respect to their ability to functionalize using amidomethylation reaction in the presence of NMCA linker. 9 Both types of samples (smooth and rough surface morphology) were cut into 5 Â 5 cm 2 mats with approximate weight of 40 mg. Amidomethylating solution was prepared by dissolving different wt % of NMCA (7, 5, 2, and 1) in a mixture of sulphuric acid and nitropropane at an ice cold condition (0-5 C). Aer obtaining a clear solution of NMCA in sulphuric acid-nitropropane mixture, the electrospun PS fabric was immersed in it for 1 and 2 hours to allow the reaction. Aer the specied time periods, the fabric was taken out and washed thoroughly using ice cold methanol, room temperature methanol followed by DI water, three times. All the samples were triplicated in this study. Aer washing, the PS ber mats were observed to be a yellow colour and were then dried and characterized further.
Characterization of polymer solution and electrospun PS submicron bers
The viscosity of all PS solutions with varying DMF and THF mixing ratios was measured using an Anton Paar viscometer Physica MCR 51 at 31 C and at a constant shear rate of different mixing ratios of DMF and THF were measured by using a DIGISUN electronic conductivity meter at the same temperature, 31 C. The size and surface morphology of electrospun PS bers were analysed using eld emission scanning electron microscopy (FESEM) on a Hitachi model-S4300SE/N at an accelerating voltage of 10 kV. Prior to imaging, the electrospun PS bers were sputter coated for 2 minutes with gold using a sputtering unit (JEOL Fine coat, JFC-1100E) in order to make the ber surfaces conductive and thus to minimize the charging effect. While calculating the average ber diameter using an Olympus image analyser, a minimum of 40 bers were considered. Surface topography of PS bers was characterized using atomic force microscopy (AFM) (NT-MDT Co. Russia) by NOVA soware. Further the surface roughness of the PS bers was quantied by considering the root mean square (RMS) value of a minimum of three images taken at various regions of the ber samples. The surface area, porosity and pore volume of the electrospun PS bers were analysed using BET method using a surface area analyser of Micrometrics ASAP 2020. The as spun PS ber samples of 150 mg weight were analysed by using nitrogen adsorption and desorption isotherms at a degassing temperature of 600 C. Aer chemical modication with amidomethyl group, the PS bers were characterized by FTIR using a Perkin Elmer Spectrum GX over a wavenumber range of 300 to 4000 cm
À1
. XPS (model: Omicron) with Al Ka radiation was used to analyse the amidomethylated bers for understanding the elemental composition of amidomethylated samples using inbuilt CASA soware. XPS raw data from each sample type were used for performing the analysis. Quantication can be theoretically calculated using the formula X i ¼ I i Â S i /(I i /S i ), where X i is the concentration of the element, I i is the area under the elemental peak and S i is the relative sensitivity factor (depends upon the element's sensitivity to X rays). A low energy eld gun was used to neutralize the charge of the polymer samples in XPS. Finally, surface properties of the rough and smooth bers were studied by measuring the water contact angle (WCA) using a KRUSS drop shape analyser. The ber samples before and aer amidomethylation reaction were cut into 1.5 cm 2 size pieces and xed into the holder of the drop shape analyser. Distilled water was taken in a 2 ml syringe tted with a needle and a single drop of 3 ml was dispensed onto the ber samples. Images of drops on the samples were taken with a camera attached to the system and curve tting was done using the sessile drop approximation using inbuilt soware.
Results and discussion
Polymer solution properties
The viscosity measurements of all samples of PS with different mixing ratios of DMF and THF have shown a linear variation in the viscosity values from 54 mPa s to 81.2 mPa s as shown in Fig. 2a . As the DMF content in the solvent system was decreased the viscosity of the polymer solution was found to increase in a linear way. However, the conductivity of the polymer solution was observed to decrease linearly and approached zero for the PS solution in pure THF (Fig. 2b) . In a similar effort Nitanan et al. 30 had also observed a signicant change in conductivity and viscosity of the polymer solution by changing the molecular weight and polymer concentration in solution. A comparison with previously reported values 18 is presented in a tabular format as the ESI (Table S1 †) which shows good agreement. The PS solution prepared in DMF showed the least viscosity as it has a higher solubility parameter. DMF has also more polar interactions (Table S2 †) which make it more soluble and therefore viscosity decreases with the increase in DMF concentration. Further, the highest conductivity of PS solution in DMF can be ascribed to its high dipole moment as well as high dielectric constant for the solvent. 
Surface morphology analysis of electrospun PS submicron bers
The effect of varying DMF and THF ratio in PS solution on the morphology of electrospun bers is summarized in Fig. 3 . When a PS solution with DMF-THF ratio 0 : 100 (when only THF was used as solvent) was electrospun, bers with micron sized beads morphology were formed as observed in Fig. 3A1 . However, a PS solution with 100 : 0 mixing ratio of the solvents (only DMF) yielded non-uniform bers (Fig. 3E1) . The bead formation in PS 0 : 100 samples can be attributed to the insufficient conductivity and high viscosity of polymer solution whereas low viscosity might be the reason for bead on string morphology in PS 100 : 0 samples. In PS 0 : 100 samples, charging of the polymer solution became less due to less penetration of THF into the PS chains and hence it could not stretch and form a Taylor cone. The inability of Taylor cone formation resulted in deposition of PS as beads of bigger sizes. Whereas some drops of the PS solution which were able to form a Taylor cone have stretched and formed bers. In addition, the low relative humidity (27%) can also be the reason for the formation of beaded structures. In PS 100 : 0 sample, insufficient viscosity of the PS solution resulted in incomplete stretching of the polymer solution creating bead on string morphology. All other samples of electrospun PS ber mats (Fig. 3B1, C1 and D1) showed ne ber morphology without any formation of beads. This was in agreement with the studies of Zhang et al. 32 where solvent ratios of DMF and THF were varied for electrospinning PS. But there were noticeable variations in the surface morphology for PS submicron bers when they were analysed at a high magnication of 40k. Appearance of surface pores on the bers and the presence of porous beads were observed in the FESEM image of bers spun from DMF-THF ratio 0 : 100 (Fig. 3A2) . The formation of pores on the beads and breath gures on bers in the sample can be due to the high volatility of THF solvent used. Due to the fast phase separation that happened during electrospinning, some regions in the spinning jet got separated into solventless and polymer rich phases, creating porous surface features or breath gures. However, by mixing the DMF with THF and thus allowing a change in relative volatility of the solvent mixture and therefore phase separation, surface protrusions occurred on the PS bers surface to yield rough bers. [24] [25] [26] [27] Among all the different solvent ratios tried, the bers in the solvent mixing ratio of DMF-THF: 70 : 30 ( Fig. 3D2) were seen as more rough. For PS 100 : 0 samples (only DMF), we observe a relatively smooth ber surface (Fig. 3E2 ) besides non-uniformity in the ber size distribution. This observation is also in agreement with what has been reported earlier for the formation of smooth PS electrospun bres in only DMF at higher relative humidity. 29 The presence of surface features like wrinkles and roughness can also be described by the phase separation occurring at the ber surfaces during the electrospinning process. As also explained by Jinyou et al., 24 the volatility difference (vapour pressures) in the solvents of DMF and THF caused fast evaporation of THF during the spinning process giving rise to solventless and solvent rich areas on the spinning jet. This results in different surface patterns like protrusions and wrinkles yielding the roughness on the ber surfaces (Fig. 3B2, C2 and D2 ). Hence vapour induced phase separation may be the reason for the variations in surface morphologies of PS bers as the solvent ratios were varied during electrospinning. The average diameter of the electrospun bers as measured by an Olympus image analyser was found to be 780 AE 185 nm and 650 AE 58 nm for the PS ber samples with 100 : 0 and 70 : 30 solvent ratios, respectively.
The spinnability-solubility map for the 14 wt% PS solution with varying solvent ratio is also prepared and shown as Fig. 4 . The fractional solubility parameters for solvent mixture were calculated using fractional parameters for the solvent components, following the lever rule 21 and are summarized in Table  S2 . † This map also suggests that spinnability of PS solution is better with increased DMF concentration. This behaviour is in agreement with what has been reported by Jarusuwannapoom et al. 18 This is mainly attributed to the relatively high dipole moment and high conductivity for DMF. In the ternary diagram (Fig. 4) , this can be endorsed to the fact that a moderate value of polar forces is pivotal for electrospinning.
The cross section of the PS ber samples with breath gures (Fig. 3A2) , highest surface roughness (Fig. 3D2 ) and least surface roughness (Fig. 3E2) were also analysed using FESEM. As the DMF content in the solvent mixture increases from 0 to 100, the interior porosity in the bers also changes. The bers electrospun with DMF and THF ratios of 0 : 100 and 100 : 0, respectively ( Fig. 5A and C), can be viewed as having solid cross sections. However the PS bers with highest surface roughness (70 : 30) show internal porosity with platelet like structures as perceived in the crosssectional view (Fig. 5B) . It can be understood from these results that maximum phase separation occurred in the case of PS bers with 70 : 30 solvent ratio as compared to the other two samples, and the least phase separation in the case of 100 : 0 solvent ratio. Further, in order to analyse and quantify the surface roughness of PS smooth and rough bers (100 : 0 and 70 : 30), the samples were scanned by AFM in non-contact mode. As shown in the 2-D and 3-D surface proles (Fig. 6) , the root mean square value of roughness for PS 100 : 0 ber ( Fig. 6A and B ) was found to be 31.79 nm, which increased to 42.73 nm for PS 70 : 30 ber sample ( Fig. 6C and D) . A histogram plot of the surface roughness was also provided as an inset in Fig. 6B and D. Thus a 34% increase in surface roughness has been observed due to vapour phase separation when the THF content in the PS solution was increased from 0 to 30%.
BET adsorption isotherms further characterized the PS smooth and rough ber samples for their surface area, pore volume and porosity. These results are summarized in Table 1 . We observed that BET surface area increased signicantly ($57%) from 52.11 m 2 g À1 to 82.2 m 2 g
À1
, while total pore volume also showed a similar increase for the rough PS bers (70 : 30) as compared to relatively smooth bers (100 : 0). Average pore diameter of rough PS bers was reduced to 23.26 nm from 32.15 nm for smooth bers. The higher surface area value for the PS bers 70 : 30 can be attributed to the high internal porosity (as shown in Fig. 4b ) and surface roughness, as also illustrated by AFM scanning results (Fig. 6 ).
Surface modication of electrospun PS submicron bers by amidomethylation reaction
The amidomethylation reaction can be considered as an electrophilic substitution reaction on the benzene ring of PS by the carbonium ion -RONHCH from NMCA, 9,10 as shown below in eqn (1).
(1) Eqn (1): electrophilic substitution reaction of PS using NMCA.
9,10
When electrospun PS submicron bers were immersed in amidomethylation solution, a reddish gel was formed. This can be attributed to the cross linking reaction by formaldehyde, present in NMCA, on polystyrene as reported by Termato et al.
9
The amidomethylation reaction is expected to occur at the paraposition of the benzene ring, due to steric hindrance. 9 The amidomethylated polystyrene (AmPS) bers aer washing with cold methanol followed by methanol at room temperature and distilled water, were observed as yellow colour ber mats. Termato et al. 9 used $7 wt% NMCA in complete amidomethylation reaction for 2 hours. However, in the case of electrospun PS submicron bers, 7 wt% NMCA concentration seems to be very high as the fabric mat became too fragile to handle. To overcome this, we varied the concentration from 7 wt% to 1 wt%. Further, we carried out the reaction at two different temperatures, room temperature (30 C) and at low temperature ($5 C). At room temperature, all the samples showed orange coloration with brittleness, which eventually resulted in powdering of the samples. However at low temperature ($5 C), by reducing the concentration of NMCA from 7 to 1 wt %, AmPS samples showed pale yellow coloration while the ber morphology also remains intact. We further examined the effect of reaction time on integrity of fabric matrix by considering the two different PS ber samples with lowest concentration of (1 wt%) NMCA (Fig. 7) . 1 hour reaction time yielded AmPS bers without losing their morphology ( Fig. 7A1  and B1 ). The individual bers in 100 : 0 and 70 : 30 solvent ratio samples of AmPS have swollen a little bit and have come much closer compared to the as spun bers. Moreover, for 2 hours reaction time, the individual bers started fusing together, losing their identity and formed a layer type structure ( Fig. 7A2 and B2 ). Based on these observations, we may conclude the optimized parameters for amidomethylation reaction onto electrospun PS bers, which are summarized as follows: 1 wt% NMCA solution, reaction temperature: $5 C, reaction time: 1 hour. This tuning of reaction parameters was only based on intact PS ber morphology, however, FTIR and XPS analysis as discussed below further conrmed these observations.
FTIR analysis before and aer amidomethylation of electrospun PS submicron bers
The FTIR analysis of PS submicron bers before and aer amidomethylation is shown in Fig. 8 . The peaks at 1260 and 1280 cm À1 show symmetric methylene stretching while bending vibrations of out-of-plane C-H bonds of aromatic benzene ring were observed at 698 and 756 cm À1 (Fig. 8a) . A few other peaks at 601, 1493 and 1452 cm À1 showed aromatic ring breathing modes of benzene ring in PS. Also 3082, 3061 and 3027 cm
À1
were observed for the aromatic C-H stretches of benzene ring (Fig. 8a) . However aer amidomethylation reaction with 1 wt% NMCA for 1 and 2 h (Fig. 8b and c) the AmPS bers showed characteristic peaks of amide I, amide II, N-H and C-Cl bending vibrations at 1640, 1545, 3300 and 764 cm À1 , respectively. A peak broadening in the aromatic breathing modes of PS benzene ring was also observed at 1601, 1493 and 1452 cm À1 .
Moreover, the presence of peaks at 800-850 cm À1 (Fig. 8b and c) conrms the substitution (amidomethylation) taking place at the para position of the benzene ring. Also an intense stretching peak of N-H bond was observed at 3300 cm À1 , which was later conrmed by XPS. A -CH 2 stretching vibration was observed at 2920 cm À1 . This also conrms the presence of -CH 2 NHCOCH 2 Cl group at para position of the benzene ring of PS.
Surface analysis of amidomethylated PS submicron bers by XPS
PS submicron bers with rough and smooth surface morphology (DMF-THF: 70 : 30 and 100 : 0, respectively) aer treating with 1 wt% NMCA in cold condition for 1 and 2 hours were analysed using XPS in order to check the chemical modication both qualitatively and quantitatively. PS submicron bers have shown sharp characteristic aliphatic and aromatic carbon peak at 284.6 eV (Fig. 9a) . A p-p* shake up which is usually present in aromatic rings was also observed in the PS ber sample at a binding energy (B.E.) of 291.4 eV (ref. 33) before amidomethylation reaction (Fig. 9a) . Aer amidomethylation, the peak corresponding to 291.4 eV B.E. has broadened ( Fig. 9b and c) . NMCA ( Fig. 9d) has shown characteristic peaks of chlorine (Cl 2p -200.4 eV, Cl 1s -272 eV), nitrogen (N 1s -400 eV) 34 and oxygen (O 1s -531.9 eV) of amidomethyl group with trace amounts of impurities such as sulphur (S 2p -168 eV, S 2s -234.5 eV) and zinc (Zn -498 eV auger emission of LMM). In AmPS samples (Fig. 9b and c) all the characteristic peaks of PS and NMCA were observed aer the reaction.
Further, by de-convoluting the C 1s peak of neat PS bers (not shown here) B.E. peaks at 284.8, 285.25 and 284.9 eV were observed which can be due to the presence of C-C, C-H and C]C bonds in PS ber sample, respectively. As the methylene group present in PS has one of the carbons attached to the benzene ring, a B.E. shi to a lower value has been observed. Similarly, we observe the change in B.E. peaks of carbon de-convolution in AmPS submicron bers aer 1 and 2 hours of amidomethylation reaction (Fig. 10A) . Broken (dotted) and solid lines represent the de-convoluted B.E. peaks aer 1 and 2 hours of amidomethylation reaction, respectively. A new peak at 286.04 eV was observed which can be due to the occurrence of C-O bond from the amidomethyl group -CH 2 NHCOCH 2 Cl. Also, the appearance of a peak at 288.9 eV can be due to the presence of amide -N-C]O. 34 A decrease in B.E. of C-C bond in the carbon de-convolution of AmPS was observed from 284.8 to lower value of 284.2 eV aer 2 hours of reaction. This can be attributed to the electrophilic substitution reaction of amidomethyl group at the para-position of PS making it more electronegative resulting in lowering of B.E. Fig. 10b shows N 1s B.E. of N-C bond (400.5 eV) and N-H bond (399.8 eV) aer 1 hour of reaction, whereas Cl 2p 1/2 and Cl 2p 3/2 B.E. for C-Cl bonds are depicted in Fig. 10C . O 1s B.E. for O]NC and C]O were observed at 532.2 and 534.48 eV, respectively. As the time of reaction increases, more adsorption of chemical species occurs, conrming the reduction in B.E. values observed in nitrogen, chlorine and oxygen de-convolutions of rough AmPS bers from 1 hour to 2 hours of amidomethylation (Fig. 10B-D) . Thus it can be inferred that as the time of reaction increases, more adsorption occurred indicated by B.E. shis to lower values due to the presence of more electronegative groups. Moreover, the p-p* shake up peak which broadened in the AmPS samples ( Fig. 9b and c ) also conrms the substitution happening to the benzene ring of PS.
A quantitative peak analysis was performed to understand the concentrations of elements present in PS pellet, NMCA and AmPS bers (70 : 30 and 100 : 0) aer the specied reaction times and are summarized in Table 2 . Aer amidomethylation reaction, the presence of elements such as nitrogen, oxygen and chlorine was observed in both types of AmPS samples (rough and smooth). However, we observed more adsorption of the chloroacetamidomethyl group in rough PS bers (70 : 30) than their smooth counterpart (100 : 0) in terms of their atomic wt% of elements adsorbed aer the reaction. As the reaction time was increased from 1 to 2 hours, nitrogen, oxygen and chlorine contents were found to be increased from 9.08, 19.40, and 9.07 for 1 hour to 11.03, 21.71, and 9.53 for 2 hours of reaction, respectively. Further, as the number of nitrogen atoms is equal to the chloroacetamidomethyl group introduced during the reaction, the degree of substitution on PS bers was calculated using the percentage nitrogen content from XPS data using the formula DS ¼ (nM)/ (1401 À 105.5n), 9, 10 where n is the percentage nitrogen content; M is the molecular weight of intact polystyrene. Rough PS (70 : 30) bers have been observed to be more substituted with chloroacetamidomethyl group than smooth PS (100 : 0) ber samples aer one (DS ¼ 2.13) and two (DS ¼ 4.83) hours of reaction (Table 2 ). This can be attributed to higher specic surface area, large pore volume and increased surface roughness for PS bers (70 : 30) as compared to the smooth PS bers spun with only DMF as solvent. A schematic illustrating amidomethylation reaction of PS bers is shown in Fig. 11 .
Wettability analysis of amidomethylated PS submicron bers with different surface morphology
As-spun PS smooth bers (100 : 0) show hydrophobic nature with WCA of 124 AE 6 ( Fig. 12A1) 
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Aer the amidomethylation reaction the smooth PS bers show a slow decrease in the contact angle starting from 116 AE 4 to 109 AE 2 aer 1 minute of observation (Fig. 12A2) . Whereas a rapid decrease in the contact angle was observed for rough PS bers from an initial value of 66 to 15 within a minute of placing the water drop (Fig. 12B2 ). This rapid decrease in contact angle in rough PS bers can be attributed to their high porosity which enabled the coverage of amidomethyl groups (which have the presence of nitrogen, oxygen and chlorine responsible for Hbonding) over a greater surface area making their surface extremely hydrophilic. Further, it may be due to the reaction inside the pores, which is supported by swelling that has occurred during amidomethylation. The amidomethylation reaction occurring inside the pores of the rough PS bers as supported by their swelling behavior may also be attributed to the observed rapid decrease in contact angle. It is illustrated with these results that by controlling the surface morphology from thin lms to smooth to rough bers, wettability of electrospun PS submicron bers may be controlled over a wide range of contact angles from hydrophilic to nearly superhydrophobic. Further chemical modication (amidomethylation in this case) of these PS electrospun bers makes them extremely hydrophilic. This controlled evolution of PS electrospun submicron bers from nearly superhydrophobic to extremely hydrophilic shows a polynomial trend line of order three (y ¼ À1.77x 3 + 12.94x 2 À 39.72x + 167.67), as shown in Fig. 13 . This broad range of wettability characteristics opens a wide variety of potential applications for these electrospun AmPS submicron bers. Using these fabrics as bio-sensing devices by immobilizing various biomolecules on them is currently under investigation in our group. 
Conclusions
We electrospun PS submicron bers with controllable surface roughness by varying the solvent ratio (DMF-THF) and thus the extent of phase separation that is taking place due to the difference in relative volatilities of the two solvents (DMF and THF) used. AFM scanning and BET surface area analyses conrmed the higher specic surface area, large pore volume and increased surface roughness for the rough PS bers with 70 : 30 solvent ratio as compared to the smooth PS bers spun with only DMF as solvent. Both types of bers were then chemically modied by amidomethylation so as to enable their use for immobilizing different proteins, antibodies, and enzymes for various biosensing applications. The amidomethylation reaction was controlled by optimizing the NMCA concentration to 1 wt% in cold conditions for 1 hour with intact ber morphology, as conrmed by FTIR analysis. The XPS analysis of the amidomethylated rough and smooth PS bers illustrates an increase in atomic wt% of nitrogen and oxygen for rough bers.
As the time of reaction was increased to 2 hours, we observed a larger increase in the nitrogen content for AmPS rough bers providing a higher degree of substitution of 4.83. The individual elemental convolutions in XPS also conrmed the presence of the amidomethyl group. These results clearly indicate the role of roughness in achieving amidomethylation functionalization of PS submicron electrospun bers effectively within a given set of process conditions. Surface roughness also plays an important role in determining the wettability characteristics of PS fabrics. Rough PS bers show nearly superhydrophobic nature while the relatively smooth PS bers also show strong hydrophobicity. Interestingly, aer the amidomethylation reaction, both types of PS fabrics show a transition from strongly hydrophobic to extremely hydrophilic nature. Thus fabrication and chemical functionalization (amidomethylation) of electrospun PS submicron bers with controllable surface roughness and therefore wettability characteristics opens up new possibilities in the area of bio-sensing applications. Fig. 12 Water contact angle measurements on electrospun PS fiber mats, (A1 and A2) represent smooth PS (100 : 0) fibers whereas (B1 and B2) represent rough PS (70 : 30) fibers before and after amidomethylation reaction, respectively. 
